Seat No.: Enrolment No.:

GUJARAT TECHNOLOGICAL UNIVERSITY

Diploma Engineering — SEMESTER - 6 (NEW) - EXAMINATION - Winter-2023

Subject Code: 3361907 Date: 12-12-2023
Subject Name: Thermal Systems And Energy Efficiency
Time: 02:30 PM TO 05:30 PM Total Marks: 70

Instructions:

1.

ook wm

Q.1

Q.2

Attempt all questions.

Make Suitable assumptions wherever necessary.

Figures to the right indicate full marks.

Use of programmable & Communication aids are strictly prohibited.
Use of non-programmable scientific calculator is permitted.

English version is authentic.

Answer any seven out of ten. &4Hiell S1UBL Aldell Bl quil. 14

1 Write any 04 energy sources you use in daily life.
A RLAEL AUl dURldL SIEURL AR Gl Aldllel ol cudl.
2 Why evaluation of boiler performance is done?
W80l sIHe Heuiset L UL sAM »41d B2
3 Write requirements of good furnace.
AR #glsil 2Rl Gud).
4 Write names of heat exchangers around you in daily life.
dHIRLA[EL AU dHLIZ] WU Budldl (€2 2 elAeR0ll ollH GUudl.
5  Write basic two types of load in refrigeration system.
53215t [MRHUs1L A He{d dlSell USIR qudl.
6 Draw steps of energy conversion from coal to production of electricity.
slalell digesil Ulsselst Ylstl Good seclolelstl uald] ).
7 Why steam traps are used in boilers?
WlOE™ | 2TH 24 AL HI2 dURIY 8?2
8  Write any two major losses of air compressor system.
AR SIURAR (UM AdL S16URL A Yud el USIR Q).
9 What is LMTD? Write full form and explain with reference to heat exchanger.
LMTD 2@ 2§? LMTD o 41y el euf] (2 Weideyetl AeeiHi quondl.
10 What is the mission and objective of Bureau of Energy Efficiency (BEE).
W) 215 Wstof] W [sRe] (H2lel 2 G2l Q) B2

A What are the types of losses occur in boiler? Explain any 3 with equations. 3
WLBERML SUL USIRAL Y 1A B2 SIEUBL AR UHI 5L dufl AHdl.
OR
A Write working principle of thermostatic, thermodynamic and mechanical steam
traps.
R (2s, AMIsIAlLs WA (H3[Ase 21U 2Uell a1 [Ueilue quil,
B Draw neat sketch of inverted bucket type steam trap with all notations. 3
SodS 632 216U 21U Uil 269 A 15[ €12
OR
B  Write any 3 methods to reduce losses in boilers and explain any one.
olleyeRUT Adl cdy WYL sqlefl S1TURL AL Ueg el ollH qul el S1ETURL A
[clxc1e]l AHcl,
C One reheating furnace has 10 TPH capacity of heating material. Billet is heated 4
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from 50 °C to 1200 °C. Oils consumption is 700 liters/hour. Specific gravity of
oil is 0.95 and Net calorific value of fuel is 9650 kCal/kg. Billet is having specific
heat of 0.12 kCal/kg °C. Find efficiency of furnace.
A5 &1L HglHi 10 TPH H2RlUE dRM &y 8. (W@ 50 OC 2l 1200 °C Yl 1M
$AMI 1A B, w1 «fl duR12L 700 liters /hr 8. wlesd{] 21sls AlAl] 0.95 24
a2 343515 dR] 9650 kCal/kg 8. [MA2s{l ALSLs €l2 0.12 kCallkg °C €14 dl L
gledl sileaidl 2L,

OR
One oil fired furnace is having working temperature of 1200 °C. Average oil
consumption is 450 liters/hour. Air pre heater is installed in the system.
Temperature of dry flue gases coming out of the air pre-heater is 320°C. Find the
sensible heat loss by the system. Specific gravity of oil 0.92, Calorific value of
fuel is 10000 kCal/kg, average O2% in dry flue gases is 13%, Air fuel ratio is
14:1, Ambient temperature is 40 °C specific heat of dry flue gases 0.25
kCal/kgeC.
s vlogel ulddl MglHi dluMlel 1200 °C 8. sl UL dURULL 450
litres/hour 8. £&ol UG dIya{le] A2 (Y-gleuiel] wisIR «ilsudl diumiel 320°C 8.
Al €lestt cuy 2Ndl. lodsl W Ri(ss Alall 0.92, 3d1sls A&y 10000
kCal/kg, Xd3% 0, % (&&= UINE dIJa1Hi) 13%, A2 Y4 I(RA] 14:1, dLdlldRWls]
dlUHlel 40 °C el £&e1 Ul diyle{l 2lsls €l2 0.25 kCal/kgoC .
Enlist type of sensible and latent heat loads to be removed from refrigeration and 4
air conditioning system.
5321 W AR 5[52U21 R1euu el €2 sdlell dl [dldy Alqeid Wl d2e2
(2 dls @ul,

OR
Explain flywheel effect occur in refrigeration or air-conditioning system with any
real life example.
st W] AR 5(S2(A01 (RAeHetl AeHi 51U celd WU ALFE] wedlls
516 A5 BeleQL W] Yuxdl.

Explain steps to conserve or save energy in steam pipes. 3
LIH UISUHT Gl wlladlell UdL(eA ] qudl wa yuextdl.
OR

Draw a Sankey diagram for following boiler data:

03
(i) Heat Output: 75% (ii) flue gas loss: 11 % (iii) evaporation loss: 4% (iv) loss
due to moisture in air: 3 % and (v) radiation loss: 2% (vi) unaccounted losses:
5%. [Heat input as 100%].
w60l {1 wUe Sl Ui AL SIAIAM elR]. 1. [s2 M1B2Y2- 75%, 2. §&4 A
Y - 11%, 3. OAURRAA  U- 4%, 4. SclHledl A%el SIRQ Aldl  UY- 3%,
5.3(SK el cUY- 2%, 6. WY Y- 5%. [[&2 By -100%].

Enlist and explain any three the steps to be taken to improve energy efficiency of 3
various heat exchangers?
(&2 N e1Ae=s11 Gl (iULdstl SIESUGL AL UL [RIU] QU] 4 Hued).,

OR
Draw neat sketch of nozzle method of free air delivery measurement for air
compressor system and explain.
AR SPURARMUL 8l AR (Sladz] Hiudl Ui duRldl dllrdefl Id a9 115(d A1
yuedl.
Find boiler efficiency for given data of a boiler running on oil using indirect 4
method.
* Oil having ultimate analysis data: C : 84 %, H2:12 %, S:3 %, 02:1%
* GCV of fuel = 10200 kCal/kg
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« Pressure of steam = 7 kg/cm?(g)-saturated

* Enthalpy of steam = 660 kCal/kg

* Feed water temperature = 60 °C

* Oxygen% in dry flue gas = 7%

* CO2 % in dry flue gas = 11%

» Temperature of dry flue gas (Tf) =220 °C

* Temperature of ambient (Ta) =27 °C

lpaef] Alddl oo HI «f1Aell 321 HIS 6Dloae{l sIAeedl uel el Q).
« 1860l W2l el lqu]A uedl, C: 84.0%, Ho:12.0%,S:3.0%, O,: 1.0
%

- Wuldsisl Gev = 10200 kCal/kg
. RV £0418L = 7kglem?(g)-dqH
« 206l Ney i) = 660 kCal/kg

. 515 dleRef dluMlel =60 °C
o £8ol UING 1M AN [S4%ete] UHIRL = 7%
o £&ol UG dIYBHi COp o UHIBL  =11%

o £&ol UING dyulls] dIUHLet (T) =220 °C
» dld1dRRls] dlUMLel (To) =27°C
OR

Find boiler efficiency by indirect method for oil fired boiler having following
data.

+ Rated capacity of boiler = 10 TPH (F&A 100 °C), Rated efficiency of boiler=
84%, Actual pressure of steam =7 kg/cm2 (g) Saturated, Feed water temperature
=45°C

« Data of fuel: Oil consumption = 600 litre per hour, GCV of oil = 10200 Kcal/kg,
Specific gravity of oil =0.92

« Oil having ultimate analysis data: Carbon = 84%, Hydrogen = 12%, Sulphur =
3%, Oxygen = Nil, Nitrogen = 1%

« Combustion product- Dry flue gas data: % O2 in dry flue gas = 5.5% by volume,
CO% = Nil, Temperature of dry flue gas = 240°C, Specific heat of dry flue gas
=0.24

* Moisture content in air = 0.03 kg/kg of air, Ambient temperature = 40°C

* Boiler surface losses = 2%

w1od 1A Alddl As wloaed] siieaidl Hiudl «f1 Yooieil 321 W56l s3Mi
el olgdefl s1lesidl 2.

- W90l 521 tllpdRell 325 3UR12] = 10 TPH (F&A 100°C), ¢ileR+{l 325
s1Ae8ldl =84%, dR101e] WAL HIUE 418l = 7 kg/em? (g) Saturated, §1S ULL(le]
dlUMlel = 45°C

« ORIl 52l HANdQL H18deil dURULL = 600 litre per hour, H18d «{l GCV =
10200 Kcal/kg, w\odsil 20{lsls A1l = 0.92,

. w94 Wg02 Weiled{lU: Carbon = 84%, Hydrogen = 12%, Sulphur = 3%,
Oxygen = Nil, Nitrogen = 1%

. £8e1 UINE dI3yell S2L: e&ol Ul dIyHi % 02 = 5.5% by volume CO

= Nil, &l UG dIYe] dlUHlel = 240°C, &&ol UIRE AYs{l 2185 €le=0.24

- &AM ¢4 A% = 0.03 kg/kg of air, dldldle} dlUHlel = 40°C

o 618901l U AU = 2%

Induction furnace having capacity of 5 TPH and specific energy consumption of 4
620 kwh/ ton. Yield of induction furnace is 60%. Casting is heat treated up by
oil fired furnace after primary heating in induction furnace. For heat treatment in
oil fired furnace, 60 kgs of oil is used per ton of material. Find energy usage for
one ton of production. GCV of oil is 10,000 kCal/ kg and 1 kwh = 860 kCal.
9e552lel Mglefl U2l 5 TPH wa W55 Gl Wud 620 kWhitonne. 51GsSlell
s1REIL A1ES 60% 8. w1 vile 51RE21A ) odel] Uldd] HglMi Ele Sledse H Ui
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Q.4

1A B B ul ele Zledeeui W5 2o U2 60 kgs of 1odell duRjgA 52 B. 1 20l
Ulsse HI ed 4 Goslell duzlel 01t ¥i\8e HI2 GCV 10,000 kCal / kg ¥4 1 kWh
=860 kCal.

OR
Oil fired reheating furnace is having working temperature of 1340 °C. Average
oil consumption is 400 litres/hour. After air pre heater, temperature of
combustion gases (dry flue gases) is 750 °C. Temperature of incoming air to pre
heater is 40 °C which is heated up to 190 °C in the air pre heater. Find efficiency
of furnace by indirect method:
Other data are,
» Specific gravity of oil = 0.92, Average oil consumption = 400 Litres / hr= 368
kg/hr
» GCV of fuel = 10000 kCal/kg
* 02% in dry flue gas = 12%
» Total stock weight at incoming = 6000 kg/hr
« Specific heat of billet = 0.12 kCal/kg/°C
» Theoretical air fuel ratio is given as 14:1
« Specific heat of dry flue gases in kCal/ kg °C =0.24
* Quantity of hydrogen in 1 kg fuel=0.1123 kg/ kg of oil
« Humidity in 1 kg fuel (moisture) = 0.15 kg per kg of oil
wlogel] lddl L@ Mgl diunlet 1340°C 8. Wd3w w\odsil duLl 400
litres/hour 8. £&e1 UINE dlydls} &R Hiddl diuHled (AR (U (€22 ugl) 750 °C
8. A2 (U le i vier wlddl dldlarelefl sdl 40 °C &l 190 °C ARH ALY B. Ul &t
el a«fl A (s[R=] a8il.
W S2l:
- w1ods{l WRlss Al = 0.92, 21©de1l VA% dURULL = 400 Litres / hr = 400 x
0.92 =368 kg/hr
. WudQlefl 34355 AR = 10000 kCal/kg
« £&ol UG dIYBHI 02 % = 12%
« 59 32159 4%t = 6000 kg/hr
. [wazefl W Rlss €le = 0.12 kCal/kg/°C
o 1 (56l 104 il e&ol HI 14 [59) A2 dUpY B (flAR2]s9)
- £&o1 UIRE d1y2ilef] (d(21%e Gl kCall kg °C = 0.24
- A5 (56 HANAQHI 2EE S18N%el ol aseell = 0.1123 (5e)/ (56] wlod
- A5 (56 WdQIMUi 284 A% = 0.15 [54)/ [56] 241pel

In a continuous process plant, water is used to cool 5 ton oil per hour from 230
°C to 110 °C. Water temperature is increased from 25 °C to 80 °C. This water
then flows through dearetor. (i) Draw line diagram for parallel and counter flow
arrangements of heat exchanger with all parameters (ii) Find LMTD for parallel
and counter flow heat exchanger arrangements. Give your comments for the
results.
A s UL YL dl WAY WleaHi W s SELSHI 5 2l M 21©véeal 230°C €] 110°C
Yl 69 sal ULl quid 8. UM UIRlell diumleiHi 25°C efl 80°C il aellR]
21 B % ULl Gllg@eil [S2M] 2 8.
(i) UHIdR ual 51622 s4 (&2 W&o WeaH 2 Ulefl w15[d £12] A wit]
U1[HeR dsil UR vidldl,
(i) UHIdR A 516G sl U2 LMTD 20ldl. duiedl sy Al (s Aetdex2 d
(Al @ull.
OR
One air compressor system provides following data. Find out isothermal
efficiency and specific power consumption for compressed air system.
Flow coefficient as per IS=1.1
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Motor power input = 110 kW

Efficiency of motor belt drive = 67%

Nozzle diameter mm = 0.08 metre

Temperature of incoming air =40 °C

Pressure of incoming air = 1.03 kg / cm? (a)

Pressure before nozzle = 1.1 kg / cm?

Temperature before nozzle = 45°C

Pressure before receiver = 3.3 kg / cm?

Universal gas constant = 287.1 J/ kg °K

Pressure difference across the nozzle = 0.04 kg / cm?

A5 AR SUIYR YL dell gelagel VAH12 HidlL [(As{l (SHdl HA B, L Ul
SURUReAL wipA e s1Aeeidl wal JWALELS UldR edld 2.

. 56l sl sleflu2RUN(S), IS Yol = 1.1
e Yl23e1] ®eiye UldR = 110 KW
- Hlezell dee slode] siledldl = 67%
« lGofl 1Y mm = 0.08 metre
« iR Wlddl edlsf dluHlel = 40 °C
« 3{e2 Alddl edlsf eIl = 1.03 kg / cm¥(a)
- 14 U&dlo] £ 19l = 1.1kg / cm?
o A1»E U&dlo] dluHlel = 45°C
« Aldrq] eui1al = 3.3 kg / cm?
< Y(eldd AY Sl = 287.1J/ kg °K
o olldsfl A 19101 Wel UElo] £041Q1e] d§ldd=0.04 kg / cm?
Draw general construction of furnace and classify furnaces. 4
Aglofl UM LA UL €12) WA Aof A58 eud).
OR

Which is the major loss in furnace? Draw sankey diagram indicating each loss in
the furnaces.

AHEHI Al el 12l Uy sAL B2 MEIHI Udl €35 Y HIReAl AS] SIAIAM €12,
What are the energy efficiency measures to be taken in any refrigeration system? 7
Explain general design a refrigeration cold storage with reference to various
refrigeration loads.

508321t (ReHHl Gost R S1{1AU HIR suL U] AclH] 41A B? 3(5%32Uet HIsll
5165 R21%el] AUl [SHISe1 €35 A532Ust ElSetl Aee{Hi UMl

Write short note on energy conservation and its importance for today’s world. 4
B 199of] et loll Aee{Hi Gosl AR&1ls] HEcd AHoMA ] &5 elldl Ui,

List the steps to be taken to conserve energy and to increase efficiency of furnace
system. Explain any one from in detail.

HEIMI Gol U1l vial A S1{1AU] driRdl HiSetl Udldi Guil a4el duiell slguwl
A YHA.

A cold storage having 15 ton of potato entering at 40°C temperature. This potato
should be stored at 10 °C inside the cold storage. Time to achieve this
temperature is 15 hours. Specific heat of potato is 3.6 kJ/ kg °K. Find the cooling
load for the storage plant.

A s S1ESRIAHUL 15 2ot W2LsL 40°C dluHlal £lWd AR 8. L wl2lsla 1% 531
ARAAd] %3] dlUHlel 10 °C 8. AL dluHlet 15 salsHl HA 8. welslefl WRLss
€12 3.6 kil kg °K 8. dl 241 HI2eil %03 5(621 6412 QM.

Why baffles are provided in the heat exchangers? Draw neat sketch of shell and 3
tube heat exchanger.

(€2 W&o (BE AL HIR H5AIHi 1A B? 4 Wl Yol 218U (€2 A efAeasRei]
289 A (5[d €2,

S

w
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